We report the discovery of a component in an XMM-Newton satellite light curve of the BL Lacertae object S5 0716+714 which shows quasi-periodic oscillations (QPOs) of ∼30 minutes. Both periodogram and wavelet analyses give consistent results. This quasi-period is similar to those found recently in high quality optical light curves of the same object. This also appears to be the first strong observational evidence for such a short period QPO in the X-ray light curve of a blazar of the BL Lac class. The bulk of blazar emission is believed to arise from relativistic jets propagating nearly along our line-of-sight to the object and variability can naturally arise from shocks propagating along those jets. We briefly discuss several mechanisms that involve jet fluctuations as well as accretion disk variability that might produce such short QPOs in blazars.
Introduction
The blazar class of active galactic nuclei (AGN), which is composed of BL Lacertae objects (BL Lacs) and flat spectrum radio quasars, is characterized by the most extreme variability across the electromagnetic spectrum. Aside from their rapid variability, BL Lacs are characterized by spectra that show no, or very weak, lines in any band and also have substantial linear polarization. These characteristics indicate that the bulk of their radiation should be attributed to the synchrotron photons emitted by relativistic electrons spiraling around the magnetic field in a jet. The BL Lac S5 0716+714 has a featureless optical continuum, as is typical; however, there has been a recent claim of detection of its host galaxy which suggests a redshift, z = 0.31 ± 0.08 (Nilsson et al. 2008) . This object has a very high duty cycle for activity and so its variability has been studied quite intensively for the past 20 years in the optical band (e.g., Montagni et al. 2006 and references therein) and rather frequently in the radio and other bands (Wagner et al. 1996) . Optical outbursts having a very rough period of ∼ 3.0 ± 0.3 years have been claimed to be present (Gupta et al. 2008) for this BL Lac, as have apparently correlated optical/radio quasi-periods of ∼1 day lasting over several days (Quirrenbach et al. 1991) . Therefore searches for periodicities in the X-ray emission from this blazar seem warranted.
The only blazar for which a short period QPO component in the X-ray band has hitherto been shown to be highly probable during an observation is the flat spectrum radio quasar 3C 273, where a QPO of ∼3300 s was recently established through a wavelet analysis performed on XMM-Newton data taken over a span of 66 ks (Espaillat et al. 2008) . A non-blazar AGN, the narrow-line Seyfert 1 galaxy RE J1034+396, has also recently been established to have shown a nearly periodic signal of ≃ 3730 s in XMM-Newton data (Gierliński et al. 2008) . We have recently reported evidence for longer term X-ray variations in two blazars found in archival data spanning 12.7 years (Rani, Wiita & Gupta 2009 ) from the All Sky Monitor (ASM) instrument on the Rossi X-ray Timing Explorer (RXTE) satellite. A ∼17 day period was found for AO 0235+164 and a ∼ 420 day period appears to be present in 1ES 2321+419; the most likely explanations for these fluctuations are, respectively, turbulent eddies behind a shock moving outward along the jet and the shock intersecting helical structures in the jet (Rani et al. 2009 ), although growing instabilities in the jet may provide other ways to produce nearly periodic variations on those timescales (e.g., Romero 1995).
Archival Data Reductions
The BL Lac S5 0716+714 was observed by the European Photon Imaging Camera (EPIC) on board the XMM-Newton satellite (Jansen et al. 2001 ) on 24 September 2007, starting at 16:23:32 UT and lasting for 73.9 ks. The PI of the observation, taken during satellite revolution number 1427, was G. Tagliaferri. The EPIC is composed of three coaligned X-ray telescopes (Jansen et al. 2001 ) which simultaneously observe a source by accumulating photons in CCD-based instruments: the twins MOS 1 and MOS 2 and the PN (Turner et al. 2001; Strüder et al. 2001) . The EPIC instrument provides imaging and spectroscopy in the energy range from 0.15 to 15 keV with a good angular resolution, with PSF = 6 arcsec (FWHM), and a moderate spectral resolution (E/∆E ≈ 20-50).
The data were reduced with standard XMM-Newton Science Analysis System (SAS) software, version 8.0, with updated calibration files. The preliminary processing of raw EPIC Observation Data Files was done using the epchain task which allows calibration both in energy and astrometry of the events registered in each CCD chip and the combination of them in a single data file. An event list file was extracted using the SAS task evselect. The epatplot task was used for checking the existence of pile-up affecting the inner region of the source. An X-ray light curve of the source in the energy band 0.3-10 keV was generated from on-source counts obtained from a circular region with a radius ∼0.6
′ around the source. The background was taken from several source free regions on the detectors at nearly the same offset as the source and surrounding the source. The PN light curve of the source was affected by proton flares at the end (after 46 ks) of the observations. We have removed the data during this proton flare from the light curve of the source. The final light curve was obtained after subtracting the background contribution and is shown in Fig. 1 .
While 0716+714 was in a high and active state, a multi-wavelength monitoring campaign on this BL Lac was mounted from August through November 2007, with data obtained from radio through optical to high energy γ-rays (Villata et al. 2008) . At the time of the X-ray data discussed here the blazar had a R-band magnitude of ≃ 12.7, while a peak brightness of R ≃ 12.2 was observed about one month later (Villata et al. 2008) . Unfortunately, the two periods of most intense monitoring in the optical and radio bands during this campaign were before and after the XMM-Newton observations were made, so we cannot investigate the possibility of temporal correlations between the X-ray fluxes and those at other bands, which, if present, would be of great interest.
Results
Since the data was binned in 100-s intervals, slightly different numbers of raw measurements were included in each bin. The substantial variations over the span of this light curve require a smoothed version to be subtracted from the raw light curve before power spectra analyses can be performed. The 20-point running average we used is appropriate for the entire data set (Fig. 1) . The simplest approach to analyzing data of this type for any periodic components in the variability is the use of a Scargle periodogram (Scargle 1982) . This technique is superior to standard fast Fourier transforms in that: it works well for unevenly spaced data; the result is invariant to a shift of the origin of time; it is exactly equivalent to the least-square fitting of sine curves to the data; if the signals are purely noise the power follows an exponential probability distribution. The false alarm probability (Scargle 1982; Horne & Baliunas 1986 ) is then
N where z is the highest peak of the periodogram sampled over N(= 751) independent frequencies. Our periodogram analysis, shown in Fig. 2 , yields a single strong signal with its peak at a period of ≃ 1900 s and a false alarm probability of only ≃ 0.0001.
A more sophisticated approach that can be very useful when the period and/or strength of a variable component changes somewhat is a wavelet analysis. We have employed the "randomlet code" which executes a Morlet wavelet analysis followed by a randomization test to examine the power found at any different statistically significant periods (e.g. Linnell Nemec & Nemec 1985; Torrence & Campo 1998; O'Shea et al. 2001; Gupta, Srivastava & Wiita 2009; Pandey & Srivastava 2009) . One advantage of this test is that it is distribution free, or non-parametric, and so not constrained by any noise model. The Morlet wavelet is convolved with the time series to determine the contribution of that frequency to the time series by varying the scale of the wavelet function to match the possible sinusoidal portion of the signal. This randomlet procedure obtains the average peak power over time and is equivalent to a smoothed Fourier power spectrum (O'Shea et al. 2001; Gupta et al. 2009 ). To obtain a value of the probability, p, that there is no periodic component, the randomization technique we employed compares the average values of the actual time series to the peak powers evaluated for m = 1000 equally-likely permutations of the time series data, using the assumption that values of measured intensities are independent of the measured times if no periodic signal is present. The fraction of permutations that provide peak values greater than the original peak power of the time series give the probability p that there is no real periodic component. The 95% confidence interval for the true value of p is p±2[p(1−p)/m] 1/2 (Linnell Nemec & Nemec 1985) . The results in Fig. 3 show the wavelet power peaking at ≃ 1800 s, with a false alarm probability, p ≃ 0.036; the width of this peak indicates the variations are quasi-periodic. The integrated power across the night shows that ≈ 4% of the signal is in this quasi-periodic component.
These two independent analyses provide strong evidence for a quasi-periodic signal centered at ≈ 31 minutes being present in 0716+714 during most of the X-ray observation. Because the positional accuracy of XMM-Newton is 2-3 arcsec, there is a vanishingly small chance the variations can be attributed to a coincidental presence of one of the rare X-ray detected cataclysmic variables within that tiny area, so the blazar must contain the variable component (Verbunt et al. 1997; Gierliński et al. 2008 ). If 0716+714 is indeed at z = 0.31 (Nilsson et al. 2008 ) the X-ray luminosity would be L X ≃ 4.4×10 45 erg s −1 , which is much too high to be attributed to an ultraluminous binary X-ray source, as their powers do not exceed ∼ 10 41 erg s −1 (Miller & Colbert 2004) . It remains possible that the signals detected through periodogram and wavelet approaches do not represent a true astrophysical signal and that some systematic effect might also somehow produce this result, but we cannot identify one. Therefore this result for 0716+714 is the first case where a BL Lac object appears to show a significant X-ray QPO; its approximately 30 minute period is roughly one-half of that of found for 3C 273, the only other blazar for which such signals have been detected (Espaillat et al. 2008) , and so is the shortest known nearly periodic timescale for any AGN.
Discussion and Conclusions
Our wavelet analysis ) of 20 high quality night-long optical light curves (Montagni et al. 2006 ) of 0716+714 taken between 1999 to 2003 has found very strong indications (probabilities ≥ 99%) that nearly periodic components were present in five of those nights. Those periods range from ∼25 to ∼73 minutes, and one of them, at 31.5 minutes (with a false alarm probability of < 1%), is essentially coincident with the quasi-period now found for the X-ray variability. Of course this particular period may be coincidental, and the optical and X-ray measurements are separated by 4.5 years, but the optical magnitudes at those two epochs differ by less than 0.3 magnitudes, so 0716+714 was in a similar state at both epochs. Therefore we must consider what processes could be responsible for such variations on similar observed timescales of tens of minutes for both optical and X-ray bands.
Most models for this variability involve shocks propagating down relativistic jets pointing close to the direction from which we observe them and these jet fluctuations almost certainly dominate in blazars when they are in high flux states (e.g. Marsher & Gear 1985; Wagner & Witzel 1995) . Strong turbulence behind a shock moving along a jet or nearly helical structures in a jet also might explain these tens of minutes variation timescales and these mechanisms will be discussed further below.
A plausible mechanism for optical and UV quasi-periodic variability on timescales of several tens of minutes to several hours would be a bright "hot-spot" on an accretion disk containing the gas spiraling into the central supermassive black hole (SMBH) that is almost certainly present in any AGN; many such hot-spots could produce the shapes of the variability power spectrum densities usually found for X-ray binaries and AGN (Abramowicz et al. 1991; Mangalam & Wiita 1993) . Another model that can produce QPOs in accretion disks involves a standing shock with an oscillating position in the inner portion of a disk with a sub-Keplerian flow (e.g. Chakrabarti, Acharyya & Molteni 2004 ). Yet other possibilities for QPOs involve trapped pulsational modes within a disk (e.g. Perez et al. 1997; Espaillat et al. 2008) or small epicyclic deviations in both radial and vertical directions from exact circular and planar motions within a thin accretion disk (e.g. Abramowicz 2005 ).
Most of the radiation from an accretion disk emerges from its innermost portion, so any relevant orbital period is most likely to be very close to that of the last stable circular orbit around the SMBH. If the variability arises this way then a mass for the SMBH can be found (e.g. Espaillat et al. 2008; Gupta et al. 2009 ); for a period of 1900 s this is 3.2 × 10 6 M ⊙ for a non-rotating SMBH and 2.0 × 10 7 M ⊙ for a very rapidly rotating SMBH with spin parameter, a/M = 0.9982. Other models do not allow such SMBH mass estimates.
The X-ray emission, however, is unlikely to arise from the disk itself and is usually attributed to coronal flares above the disk in non-blazar AGN (e.g. di Matteo 1998) and to jet emission in blazars (e.g. Böttcher 2007) . Because most blazar emission at all wavelengths is expected to arise from synchrotron emission and inverse-Compton emission from jets launched from the immediate vicinity of the SMBH (e.g. Marscher et al. 2008) , the observed timescale, P obs , of any fluctuation is likely to be reduced with respect to the rest-frame timescale, P em , by the Doppler factor, δ, and increased by a factor of (1 + z). The Doppler factor depends upon the velocity of the shock propagating down the jet, V , and the angle between the jet and the observer's line-of-sight, θ, as δ = [Γ(1 − β cosθ)] −1 , where, β = V /c and Γ = (1 − β 2 ) −1/2 , so that P obs = P em /δ. The value of δ for 0716+714 is not well determined, but is probably ) between 10 and 20. The fluctuations could be induced by the disk rotation and then advected into the jet where they could become responsible for variations in the jet density, velocity and/or magnetic field. In that case the amplitude of the variation would be greatly enhanced by Doppler boosting (roughly as δ 3 ) while time-compressed by δ −1 (e.g. Gopal-Krishna et al. 2003) . Then the SMBH mass estimates would rise by a factor of δ and would be in better accord with most estimates for the masses of SMBHs in powerful AGN. Because the galaxy surrounding the AGN in this BL Lac is barely detected (Nilsson et al. 2008 ) and the optical spectrum is featureless, no other techniques can be applied to provide alternative SMBH mass estimates for 0716+714.
Any mechanism that causes the direction of the most intense emission from the jet to change as viewed by the observer will produce fluctuations (e.g. Gopal-Krishna & Wiita 1992) . Because the amount of Doppler boosting depends so sensitively on viewing angle, a shock propagating down a jet which contains quasi-helical structures, whether in electron density or magnetic field, can produce QPOs, with successive peaks seen each time the shock meets another twist of the helix at the angle that provides the maximum boosting for the observer. Instabilities in jets just might be able to excite such helical modes capable of yielding fluctuations that are observed to occur on the short timescales seen in 0716+714 (Romero 1995) or they could arise as the jet plasma is launched in the vicinity of the SMBH and thus actually originate in the accretion flow. For variations produced by such helical perturbations a co-spatial origin, and thus similar observed timescales, for variability at optical and X-ray wavelengths are possible (e.g. Chatterjee et al. 2008) as long as the flow is still in the acceleration-collimation portion of the jet, upstream of the radio "core" (e.g. Marscher et al. 2008) . However, this mechanism would probably produce more precisely defined periods than the fairly broad QPOs detected in 0716+714 and the helical windings would have to be quite tight, separated by only ∼ 5.6 × 10 13 δ 2 cm.
Turbulence is expected behind a shock propagating down a relativistic jet (Marscher, Gear & Travis 1992) and that certainly would be capable of producing variability on a range of timescales. For such turbulent flows the biggest eddies typically dominate the variability and so their turnover times should yield the largest quasi-periodic signals ). This is an attractive scenario, but it remains very difficult to quantify how strong and how long-lived such fluctuations might be and thus to compute the amplitudes of fluctuations and the spectral distribution of power they should yield. In the simplest version of this picture radiation in different bands should be emitted at different distances behind the shock (Marscher & Gear 1985; Wagner & Witzel 1995) , so somewhat different timescales would be expected in the X-ray and optical bands, which may seem problematical given the similar QPOs we have found for those bands in the BL Lac 0716+714, albeit at different epochs. However, Chatterjee et al. (2008) have shown that variations from the optical to X-ray bands can also arise co-spatially and therefore have essentially the same timescales, as we have found for 0716+714. This can occur if the turbulent flow is located beyond the acceleration-collimation portion of the jet and near the radio core (Marscher et al. 2008) . The significant width of the 31 minute QPO in the X-ray band, along with the similar, but variable (25 -73 minute), timescales seen for the optical QPOs ), would seem to favor this picture of the emitting region crossing multiple eddies of similar size in a turbulent flow in the jet of 0716+714.
The superb sensitivity of the XMM-Newton satellite has finally allowed the confident claims of the presence of QPOs in a narrow-line Seyfert 1 galaxy (Gierliński et al. 2008 ) and a flat spectrum radio quasar (Espaillat et al. 2008 ). Here we have added a classical BL Lac object to that, so far, short list. Additional similar discoveries and the more detailed analyses they will allow should provide a much better understanding of the processes occurring around supermassive black holes.
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